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An accurate three-dimensional nonhydrostatic ocean 
model is developed in order to study the physical pro-
cesses in the Arctic Ocean and its peripheral seas such 
as the Greenland, Iceland, Norwegian, and Barents Seas. 
Under the Boussinesq approximation, the incompressible 
Navier-Stokes equations together with the temperature 
and salinity equations are solved numerically by the use of 
the prismatic spectral/ hp element method, a combination 
of the finite element method and the spectral method.!} 
In this technique, a computational domain is broken up 
into prismatic elements like finite element methods; within 
each of these elements all variables are approximated as 
polynomial expansions like spectral methods. One of the 
advantages of this approach is the capability to achieve 
geometrical flexibility and high-order numerical accuracy. 
Firstly, we study the convergence of discrete projec-
tion of a continuous function into the polynomial expan-
sion space. This discrete projection operator is necessary 
when we project the initial conditions into the expan-
sion space. The projection of the function u(x, y, z) = 
sin(7rx) sin(7rY) sin(7rz) is shown in Fig. 1 for K = 4, L = 
18, N = 15, where K is the number of prismatic elements, 
L and N are the degrees of expansion polynomials in hor-
izontal and vertical directions, respectively. Also shown 
in Fig. 2 is the convergence in the Loo norm as a func-
tion of horizontal degree L of the expansion polynomi-
als (p-refinement) for the different number of sub domains 
K = 2, 4 (h-refinement). In both cases the vertical order 
of polynomials are fixed at N = 15. An accuracy of 10%, 
for example, is established at L = 7 for K = 2 and at 
L = 4 for K = 4. The total number of independent modes 
in each case is 604 and 488. This suggests that we can 
choose a suitable convergence strategy (hp refinement) for 
available computer resources, i.e. h-refinement for paral-
lel computing and p-refinement for vector processing. Ex-
ponential convergence can be seen in both cases and a 
high-order accuracy 0(10-8 ) is achieved at L = 18,12 for 
K = 2,4, respectively. Secondly, we study the convergence 
of solutions of Helmholtz problems, which is also necessary 
when we solve a set of nonhydrostatic equations. These 
results also show exponential decay of numerical errors. 
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Fig. 1. Isosurfaces of the projection function u(x, y, z) = 
sin(7rx) sin(7rY) sin(7rz) = ±0.5 in a cubic computational 
domain for K = 4, L = 18, N = 15. The dark surfaces 
denote the positive value, while the light surfaces the 
negative. 
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Fig. 2. Discrete projection errors in the Loo norm as a 
function of horizontal degree L of the expansion poly-
nomials for the different number of elements K = 2,4, 
where the vertical degree is N = 15. 
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